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Introduction 

Stuttering is a disorder defined by frequent prolongations, repetitions, or blocks of spo- 
ken sounds and/or syllables, as well as anxiety and cognitive avoidance. Coexisting 
symptoms may include facial grimacing and tremors of the muscles involved in speech.' 
Stuttering affects approximately 5% of children and 1% of the adult population.' 
Most stuttering undergoes spontaneous recovery.' Speech and language therapy is 
the most common treatment for stuttering.^ 

Persistent developmental stuttering (PDS) is a form of stuttering that occurs in early 
childhood and does not resolve spontaneously or respond to speech therapy.' Many 
PDS patients have an increased risk of psychiatric and behavioral problems.* Although 
successful surgical management of patients with refractory psychiatric disorders has 
been reported,^ '' the evidence for surgical treatment of PDS and associated psychiatric 
disorders is limited.^ 

Case report 

A 28-year-old male first presented with stuttering at the age of 7 years. No management 
was carried out at that time because his symptoms were mild. By the age of 20 years, 
he was being ridiculed and humiliated by his college classmates. He became more 
introverted and did not want to communicate with others. Since then, his stuttering 
had worsened. He experienced multiple blocks in expressing words, including sound 
and syllable repetitions, circumlocutions, and monosyllabic repetitions, that made it 
difficult to conduct the interview. 

In addition to deterioration of his PDS, he developed depression and anxiety and was 
afraid to communicate with others. He also had physical concomitants of involuntary 
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jerking of his head and upper extremities and muscle spasm 
of his neck and lower jaw while stuttering. He was diagnosed 
with depression and anxiety disorder by the psychiatrists at 
the age of 24 years. He was managed medically with mul- 
tiple antipsychotics in conjunction with cognitive behavioral 
therapy. Significant improvement in his psychiatric disorder 
but not his PDS was achieved at that time. 

One year earlier, because of his local culture, he had 
refused to take any medicine, which led to a relapse of his 
psychiatric symptoms. Subsequent antipsychotics and cogni- 
tive behavioral therapy were of limited help in alleviating his 
psychiatric symptoms. We carefully addressed his treatment 
options, which included further medical treatment, deep brain 
stimulation, or capsulotomy. Both the patient and his family 
opted for capsulotomy for financial reasons and in the hope 
of being able to avoid using antipsychotics. The surgery was 
approved by the ethics committee at our hospital. 

Preoperative magnetic resonance imaging was done to 
rule out an intracranial tumor, hemorrhage, infarction, and 
infection. No family history of a speech disorder was reported. 
The preoperative neuropsychological evaluations were carried 
out using the 24-item Hamilton Depression Rating Scale,* 
the Hamilton Anxiety Rating Scale,' the Mini-Mental State 
Examination,'" the similarities and block design subtests of the 
Wechsler Adult Intelligence scale," the logical memory and 
visual reproduction subtests of the Wechsler Memory Scale, 
and the Wisconsin Card Sorting Test-Simplified (WCST-S)." 
Both the logical memory and visual reproduction tests were 
carried out immediately and after a 30-minute delay. The 
WCST-S included 48 cards, and his performance was assessed 
by the number of correct answers, number of errors, number of 
perseverative errors, number of nonperseverative errors, and 
number of categories completed. Neuropsychological and PDS 
evaluations were done before surgery and at 6-month follow-up 
by the same psychiatrist and speech therapist, who were both 
aware that the patient had undergone neurosurgery. 

Surgery 

To better identify the magnetic resonance images without fix- 
ation of the head frame were obtained the day before surgery. 
A 3 T Trio Unite magnetic resonance imaging system (Sie- 
mens AG, Muenchen, Germany) was used with T 1 -weighted 
andT2-weighted spin-echo sequences in the axial and coronal 
planes. The slice thickness was 2 mm with an interval gap of 
0.02 mm. The preplarming procedure was completed using 
the Surgi-plan workstation (version 2.1; Elekta Instruments 
AB, Stockholm, Sweden). On the day of surgery, a Leksell 
model G head frame (Elekta Instruments AB) was positioned 



on the skull parallel to the anterior commissure-posterior 
commissure line under local anesthesia. A repeat magnetic 
resonance scan with the same parameters as the preplanning 
scarming was performed using a 1 .5 T Sonata Unite magnetic 
resonance imaging system (Siemens AG). With the help of 
the Surgi-plan workstation, the prescanned images were then 
coregistered with the images using location markers. The 
coordinates of the target and the angles of electrode penetra- 
tion were calculated. The lesion targets were located 14 mm 
anterior and 1 8 mm lateral to the anterior commissure and 
5 mm below the anterior commissure-posterior commissure 
plane. Under the guidance of the Leksell multifunctional 
stereotactic operation system (Elekta Instruments AB), 
the lesion electrode was then inserted into the lesion target 
according to the calculated coordinates. A test stimulation 
generated by the Elekta neuro stimulator at both high fre- 
quency (130 Hz) and low frequency (5 Hz) was then carried 
out to verify the target of the electrode. Next, multiple lesions 
were produced using the Elekta neurostimulator at 75°C for 
70 seconds each. The length of the lesions on both sides was 
14 mm (Figures 1 and 2). 

Post-surgical outcome 

The patient's physical concomitants disappeared on the sec- 
ond day after surgery. Slow reaction, lack of concentration. 




Figure I Lesions in the anterior limb of the internal capsule 3 months after 
surgery. 

Note: Arrows indicate lesions. 
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Figure 2 Lesions in the anterior limb of the internal capsule 6 months after 
surgery. 

Note: Arrows indicate lesions. 

and mild somnolence were observed during the first week, but 
most of these symptoms disappeared 10 days after surgery. 

One month after surgery, the patient reported improve- 
ment in his symptoms of depression, anxiety, and PDS, except 
for some naive behaviors (sucking and biting his fingers), 
mild memory loss, and laziness. Three months after surgery, 
the patient reported being interested in daily life and feeling 
more confident. Six months after surgery, the patient reported 
that his psychiatric symptoms were significantly improved. 
Although the symptoms of his PDS occurred occasionally, 
these were mild and could be controlled by ego psychology. 
Complete remission of the naive behaviors, mild memory 
loss, and laziness were documented 1 month after surgery. 
One year after surgery, the patient returned to work, report- 
ing improved mood and better social and work relationships. 
Although complete remission of his PDS was not achieved, 
he could communicate with others more fluently. 

Stuttering 

Six months after surgery, the patient's symptoms improved 
from very severe speech impairments on the Stuttering 
Severity Instrument 3'" and 8/9 for speech naturalness'^ 
to mild speech impairments on the Stuttering Severity 
Instrument 3 and 3/9 for speech naturalness. Both the severity 
of stuttering and naturalness of speech improved significantly 
6 months after surgery. 



Neuropsychological status 

Neuropsychological evaluations (Table 1) were carried 
out before surgery, 1 month after surgery, 3 months after 
surgery, and 6 months after surgery. His scores on the 
Hamilton Depression Rating Scale and Hamilton Anxiety 
Rating Scale decreased markedly 6 months after surgery, 
which is in accordance with the significant improve- 
ment in his psychiatric symptoms at 6-month follow-up. 
Neuropsychological evaluation tests were used to assess 
and detect whether there were neurocognitive impairments 
after surgery. 

Cognitive impairment is common in young adults with 
major depression and anxiety disorder."" The raw data from 
the block design, logical memory, and WCST-S indicate that 
the patient's impairments of visuospatial function, verbal 
memory, concentration, and executive function before sur- 
gery were significantly improved 6 months after surgery." 
The raw data for the WCST-S at 1 month after surgery, 
which were lower than the data before surgery but increased 
at 6-month follow-up, showed that his executive function- 
ing worsened transiently following surgery and improved 
thereafter. This may be why the patient had naive behaviors, 
mild memory loss, and laziness at the 1 month follow-up 
that completely disappeared 6 months after surgery.'' 



Table I Neuropsychological evaluation tests at 6-month follow-up 



BF OMAS TMAS SMAS 



HAM-D (24-item) 


27 


6 


7 


5 


HAM-A 


22 


4 


10 


6 


MMSE 


29 


28 


29 


30 


SIMILARITIES 


23 


20 


22 


21 


BD 


31 


37 


41 


38 


ILM 


3.5 


8 


8.5 


8 


DLM 


1.5 


7 


9.5 


8.5 


IVR 


14 


14 


14 


14 


DVR 


14 


14 


14 


14 


WCST-S 










Correct 


36 


34 


38 


40 


Error 


12 


14 


10 


8 


PE 


6 


12 


4 


0 


NPE 


6 


2 


6 


8 


Categories 


3 


3 


3 


3 



Abbreviations: BF, before surgery; HAM-D, 24-item Hamilton Depression Rating 
Scale; HAM-A, Hamilton Anxiety Rating Scale; BD, block design; MMSE, Mini-Mental 
State Examination; ILM, logical memory subtest of the Wechsler Memory Scale 
carried out immediately; IVR, visual reproduction subtest of the Wechsler Memory 
Scale carried out immediately; DLM, logical memory subtest of the Wechsler 
Memory Scale carried out after a 30-minute delay; DVR, visual reproduction 
subtest of the Wechsler Memory Scale carried out after a 30-minute delay; NPE, 
nonperseverative errors; WCST-S, Wisconsin Card Sorting Test-Simplified; PE, 
perseverative errors; OMAS, I month after surgery; TMAS, 3 months after surgery; 
SMAS, 6 months after surgery. 
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Discussion 

The tics associated with Tourette's syndrome are defined as 
involuntary, sudden, rapid, recurrent, nonrhythmic move- 
ments (motor tics) or vocalizations (vocal or phonic tics). The 
onset of Tourette's syndrome is before the age of 18 years. 
Patients with Tourette's syndrome can voluntarily suppress 
tics for short periods at the expense of mounting inner tension 
and a subsequent rebound in tic severity." Our patient had 
involuntary movements when he was 20 years old, which 
occurred only when he stuttered. He was not able to suppress 
these movements, as in Tourette's syndrome. We consider 
these involuntary movements to be physical concomitants 
of his PDS. 

The ventral prefrontal cortex is associated with depres- 
sion, obsessive-compulsive disorder, and several psychiatric 
disorders.'** The ventral prefrontal cortex (vPFC) projections 
to the subcortical regions travel primarily in the internal 
capsule and external capsule. Subcortical fibers pass through 
the external capsule to the ventral anterior limb of the inter- 
nal capsule.'* Thus, an anterior capsulotomy may affect the 
vPFC through the projectional fibers from the vPFC and 
result in significantly improved psychiatric symptoms. The 
axons from the vPFC reach cortical targets primarily via the 
uncinate fasciculus, extreme capsule, and superior longitu- 
dinal fasciculus.'* The frontal operculum supporting local 
phrase structure building was cormected via the uncinate 
fasciculus to the anterior superior temporal gyrus which has 
been shown to be involved in phrase structure building. " The 
extreme capsule is involved in the human language system.^" 
The superior longitudinal fasciculus is situated in the white 
matter of the parietal and frontal opercula and extends to the 
ventral premotor and prefrontal regions.^' All these studies 



show that there are association fibers between the frontal 
operculum and the vPFC. The left pars opercularis is where 
the intrinsic functional architecture of speech-language pro- 
cesses are altered in PDS patients.^^ Therefore, an anterior 
capsulotomy may affect the left pars opercularis through the 
vPFC and the association fibers between the vPFC and the 
pars opercularis, which are involved in the language system. 
The corticostriatothalamocortical (CSTC) pathways project 
from specific territories in the frontal cortex to correspond- 
ing targets within the striatum, then via pathways through 
the basal ganglia to the thalamus and, finally, with recurrent 
projections back to the original frontal territory where each 
loop started; this dysfunction and disorder of the chemistry 
circuit of the CSTC is a popular basis of neuropsychiatric 
diseases.^' Dorsal/ventral organization of thalamic/brainstem 
fibers through the internal capsule results in a complex min- 
gling of thalamic and brainstem axons from various vPFC 
areas.'* Thus, there are association fibers between the vPFC 
and the CSTC. 

Stutterers are likely to exhibit a hypometabolism of the 
striatum and increased dopamine activity.'-^* Overactivity 
in the area of the basal ganglia in PDS has been reported 
in several studies, suggesting that the dopaminergic system 
plays an important role in the development of stuttering. 
Most antipsychotics (Tables 2 and 3) are dopamine recep- 
tor antagonists and induce changes in the dopaminergic 
system and activity of the basal ganglia in the CSTC, and 
this is followed by improvement in psychiatric symptoms 
and PDS.' 

Although improvements in PDS were an unexpected out- 
come in our patient, this report suggests a close relationship 
between PDS and psychiatric disorders. 



Table 2 Case reports 


on the treatment of PDS 


In adults 






Reference 


Age 


Sex 


Treatment and 


Summary of results 




(years) 




dose (mg/day) 




Dias et al' 


24 


Female 


Fluoxetine 20 and 


From severe to moderate speech 








Speech therapy 


impairment (IS) 


Kumar et al" 


22 


Male 


Fluoxetine 10-20 


"Complete disappearance" of stuttering 


Mozos-Ansorena et aP° 


33 


Male 


Olanzapine 5 


"Significant improvement" in fluency 


Maguire et al" 


19 


Male 


Asenapine 10 


75% improvement in fluency (CGI-I) and 










common side effect of sedation 




20 


Male 


Asenapine 5 


60% improvement in fluency (CGI-I) 




45 


Male 


Asenapine 5 


60% improvement in speech (CGI-I) 


Ranjan et aP° 


42 


Male 


Risperidone 1-2 


PDS "disappeared completely" 


Tavano et al" 


24 


Male 


Risperidone 0.5 


"Significant improvement" in stuttering 


Tran et al" 


38 


Male 


Aripiprazole 5-15 


58% reduction in total SSI-3 score 


Balamurali et al' 


69 


Female 


Craniotomy 


"Improved dramatically" 



Abbreviations: IS, Iowa Scale; CGI-I, Clinical Global Impression of Improvement; PDS, persistent developmental stuttering; SSI-3, Stuttering Severity Instrument 3. 
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Table 3 Controlled studies on the treatment of PDS in adults 



Reference 


Patients 


Age 


Treatment and 


Follow-up 


Summary of result 




(n) 


(years) 


dose (mg/day) 


duration 




Maguire et aP 


132 


18-65 


Pagoclone 0.3-0.6 


One year 


40% reduction in percentage of syllables 
stuttered (SSI-3, CGI-I), headache was a 
common adverse event 


Maguire et al" 


16 


20-74 


Risperidone 0.5—2 


6 weeks 


Risperidone was superior to a placebo in 
the percent of syllables stuttered, time 
spent stuttering, overall stuttering severity, 
and treatment efficacy; it was well tolerated 


Menzies et zP* 


30 


18-66 


CBT 


One year 


CBT significantly and sustainably improved 
psychological functioning but did not 
improve fluency 



Abbreviations: PDS, persistent developmental stuttering; SSI-3, Stuttering Severity Instrunnent 3; CGI-I, Clinical Global Impression of Improvement; CBT, cognitive 
behavioral therapy. 
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